
METHOD FOR ESTIMATING THE MAGNITUDE AND 
FREQUENCY OF FLOODS AT UNGAGED SITES ON 
UNREGULATED RURAL STREAMS IN IOWA

BY OSCAR G. LARA

U.S. GEOLOGICAL SURVEY

WATER-RESOURCES INVESTIGATION REPORT 87-4132

PREPARED IN COOPERATION WITH THE

IOWA DEPARTMENT OF TRANSPORTATION, 

HIGHWAY DIVISION, 

HIGHWAY RESEARCH BOARD

IOWA CITY, IOWA

1987



DEPARTMENT OF THE INTERIOR

DONALD PAUL MODEL, SECRETARY

U.S. GEOLOGICAL SURVEY

DALLAS L. PECK, DIRECTOR

For additional information 

write to:

U.S. Geological Survey 
Water Resources Division 
Box 1230
Iowa City, Iowa 52244 
Telephone:(319) 337-4191

Codies of this report can be 

purchased from:

U.S. Geological Survey 
Books and Open-File Reports 
Federal Center, Bldg. 810 
Box 25425 
Denver, Colorado 80225



CONTENTS

Abstract............................................................. 1
Introduction......................................................... 1
Regional analysis.................................................... 2

Region 1.......................................................... 4
Region 2.......................................................... 4
Region 3.......................................................... 4
Region 4.......................................................... 4
Region 5.......................................................... 5

Floods............................................................... 5
Floods at gaged sites............................................. 5
Regional flood frequency equations................................ 6
Floods on mainstems............................................... 7
Maximum floods.................................................... 7

Method for estimating the magnitude and frequency of floods
at ungaged sites .................................................. 15
Limits of application............................................. 16
Illustrative examples............................................. 16

Summary.............................................................. 19
References........................................................... 20

FIGURES

Figure 1. Map of Iowa showing location of hydrologic regions and
gaging stations used in this study......................... 3

2. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of Turkey River from site 27 to 
site 28.................................................... 8

3. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of Wapsipinicon River from 
site 54 to site 62......................................... 9

4. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of Cedar River from site 116 to 
site 126................................................... 10

5. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of Skunk River from site 140 to 
site 143................................................... 11

6. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of Little Sioux River from site 
206 to site 211............................................ 12

7. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of West Nishnabotna River from 
site 228 to site 238....................................... 13

8. Graphs showing flood discharges for indicated recurrence 
intervals along mainstem of East Nishnabotna River from 
site 236 to site 238....................................... 14

9. Graph of flood-frequency curve for Potato Creek............ 18

TABLES

Table 1. Flood discharges for selected recurrence intervals at
gaging stations in Iowa..................................... 21

2. Regional flood-frequency equations.......................... 28
3. Characteristics of maximum floods at gaging stations

in Iowa..................................................... 29



FACTORS FOR CONVERTING INCti-POUND UNITS TO 
INTERNATIONAL SYSTEM (SI) UNITS

The following factors may be used to convert the inch-pound units published 
herein to the International System of Units (SI)

Multiply inch-pound units By To obtain SI units

miles 1.609 kilometers
square miles 2.590 square kilometers
cubic feet per second 0.02832 cubic meter per second



METHOD FOR ESTIMATING THE MAGNITUDE AND 

FREQUENCY OF FLOODS AT UNGAGED SITES ON 

UNREGULATED RURAL STREAMS IN IOWA 

By Oscar G. Lara

ABSTRACT

This report provides techniques and procedures for estimating the 
probable magnitude and frequency of floods at ungaged sites on Iowa 
streams. Physiographic characteristics were used to define the boundaries 
of five hydrologic regions. Regional regression equations that relate the 
size of the drainage area to flood magnitude are defined for estimating 
peak discharges having specified recurrence intervals of 2, 5, 10, 25, 50, 
and 100 years. Regional regression equations are applicable to sites on 
streams that have drainage areas ranging from 0.04- to 5,150 square miles 
provided that the streams are not affected significantly by regulation 
upstream from the sites and that the drainage areas upstream from the sites 
are not mostly urban areas. Flood-frequency characteristics for the 
mains terns of selected rivers are presented in graphs as a function of 
drainage area.

INTRODUCTION

This report represents the fourth update in the last 33 years of the 
magnitude and frequency of floods in Iowa. Flood reports were updated to 
provide more dependable flood-data and more accurate and reliable methods 
for estimating the magnitude and frequency of floods. These estimates are 
needed to implement efficient flood-plain management strategies and for 
economical design of highway structures, levees, and buildings in the flood 
plain. Economic design criteria require the availability of adequate data 
with long periods of record, improved analytical methods, and better 
understanding of the flood hydrology of Iowa.

The first of three previous reports (Schwob, 1953) was limited to an 
analysis of the magnitude and frequency of floods that was based on data 
collected in Iowa before 1950. A second report (Schwob, 1963) included 
updated data and a method for estimating magnitude and frequency of floods 
at sites on ungaged rural streams that had drainage areas of 10 square 
miles or more. The third report (Lara, 1973) was prepared using data 
updated through 1972. This report also included a method for estimating 
the magnitude and frequency of floods at sites on ungaged rural streams 
that had drainage areas of two square miles or more.



The purpose of this report is to present a simple and effective method 
to estimate the magnitude and frequency of floods at ungaged sites on 
unregulated rural streams in Iowa. The regional flood-frequency equations 
and techniques presented in this report, which were defined from an updated 
data set, should provide flood estimates with increased reliability 
compared to previous reports.

REGIONAL ANALYSIS

Methods of estimating flood magnitudes ind frequencies applicable to 
an entire region rather than to a single gaging station are developed 
through regional analysis. Many structures ire built across or adjacent to 
streams at sites where there is no record of streamflow. For this reason, 
methods are needed to extend information pertaining to flood magnitude and 
frequency based on gaging-station data from gaged to ungaged sites. Flood 
data for a single station are relatively short-term random samples and may 
not be representative of the long-term distribution of floods at that 
station. Combining records for stations in a hydrologically similar area 
decreases errors associated with relatively short-term nonrepresentative 
samples.

The magnitudes of floods in Iowa vary considerably from one region to 
another as a function of drainage basin efficiency. River basins with 
minimal drainage efficiency, such as those in north-central Iowa, are 
characterized by flat terrain. Streams draining these basins have 
considerably smaller peak discharges than do streams draining basins having 
steep terrain and well developed drainage systems, such as the basins in 
the Paleozoic Plateau Escarpment area of eastern Iowa (Prior, 1976). 
Typically, the discharge per square mile of a stream in the escarpment area 
is about 1230 cubic feet per second during a 100-year-flood, whereas the 
discharge per square mile of a stream in ftorth-central Iowa is about 230 
cubic feet per second during a 100-year flood. These two areas are about 
100 miles apart and the climatic differences such as temperature, average 
precipitation, and relative humidity are not significant enough to account 
for the differences in flood magnitude. However, the physiographic 
differences between these two areas are significant (Prior, 1976, p.23, 
fig. 22).

The largest floods per unit area occur within 100 miles west of the 
Des Moines Lobe (north-central Iowa) along the rugged bluffs and steep 
ridges that border the Missouri River valley., Flood data collected in this 
area from both Iowa and Nebraska indicate that the discharge of a stream 
draining a 1-square-mile basin is as much as 1880 cubic feet per second 
during a 100-year flood. Therefore, it seems reasonable to delineate 
hydrologic regions based on the landform and physiographic characteristics 
of the State.

Five hydrologic regions have been identified and delineated in Iowa 
using physiographic regions of Iowa as a guide. Prior (1976) gives a 
detailed description of the physiographic regions of Iowa, discussing the 
shape of the land surface, materials that[underlie the land surface, and 
the geologic history.
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Hvdrologic Region 1

Hydrologic region 1 (fig. 1) extends north and south along the bluffs 
that border the Missouri River valley, with limits approximating those of 
the physiographic area known as the Western Loess Hills (Prior, 1976). The 
landscape has a corrugated appearance of alternating waves and troughs. 
Hills are sharp-featured, with narrow broken ridge-crests, intersecting 
spurs, and steep-sided slopes; the landscape is conducive to rapid runoff. 
The western border of the region is well defined and easily distinguished 
on topographic maps and in the field. The eastern border is more difficult 
to define and merges gradually with the landscape of hydrologic region 2.

Hvdrologic Region 2

The bluff area that borders the Mississippi River valley is typical of 
the landscape in hydrologic region 2 (fig. 1). The landscape can vary 
from rugged to rolling topography, where runoff may be rapid, commonly 
causing flash flooding. Bluff-like areas are not only located in the 
vicinity of the Missisippi River, they also are present along the divide 
between the Mississippi River and Missouri River basins; in parts of the 
Iowa and Cedar River basins, in areas that border the Western Loess Hills, 
and in the headwater parts of basins of streams in south-central Iowa.

Hvdrologic Region 3

Hydrologic region 3 is the largest hydrologic region (fig. 1). Most 
of the area in this region is typical of landscapes in Iowa. The 
topography of this region can be described as steeply to gently rolling 
hills interspersed with areas of more subdued topography. The area has a 
well-established drainage system. Physiographically, it covers most of the 
lowan Surface, a large part of the Southern Iowa Drift Plain, and the 
Northwest Iowa Plains (Prior, 1976).

Hvdrologic Re2ion 4

This hydrologic region, which is located in west-central Iowa (fig. 
1), is characterized by level terrain and a poorly developed drainage 
system. The region coincides approximately with the southern two-thirds of 
the Des Moines Lobe (Prior, 1976). Many clusters of ponds and marshes with 
no drainage outlets are present in this region. Small streams in level 
areas are shallow and sluggish.



Hvdrologlc Region 5

This hydrologic region in north-central Iowa (fig. 1) coincides 
approximately with the northern part of the Des Moines Lobe (Prior, 1976). 
The magnitude of floods in this region are the smallest per unit area in 
the State. This is due to the flat topography and flood-attenuating effect 
of abundant bogs, swales, and circular depressions.

FLOODS

Floods at Gaged Sites

The magnitude and frequency of floods at gaged sites are determined 
using flood-frequency curves. These curves Relate maximum annual discharge 
peaks to probability of occurrence or recurrence interval. Probability of 
occurrence is the chance that a given flood Jnagnitude will be equalled or 
exceeded in any year. If there is 1 chance in 10, the probability is .1. 
Recurrence interval is the reciprocal of the probability of occurrence. 
For example, a flood with a probability of occurrence of .01 in any year 
has a recurrence interval of 100 years. This does not mean that a 100-year 
flood will only occur every 100 years or 100 years from now. The 100-year 
flood is a flood of such magnitude that the odds are 1 in 100 (or 1 percent 
chance or .01 probability) that it will be exceeded in any year. Several 
100-year floods could occur in a single year.

Flood-frequency curves for gaged sites were prepared using the 
guidelines for determining flood-flow frequencies published by the 
Interagency Advisory Committee on Water Data (1982). These guidelines were 
specifically developed for the analysis of annual flood-peak discharge in 
drainage basins where streams are not affected appreciably by regulation 
and where at least 10 years of systematic records have been collected. 
Special attention was given to using methods designed to increase the 
reliability of the frequency curves: the use of historic flood data, 
comparison between flood and storm records, and flood flow analysis at 
nearby hydrologically similar watersheds.

Flood discharges for selected recurrenpe intervals were determined
from flood-frequency curves for each gagsd site. A list of these flood 
discharges for all the gaging stations in Iowa and adjacent States (fig. 
1) used for preparing this report is presented in table 1.



Regional Flood Frequency Equations

The historical record of flood peaks at 251 gaged stations in Iowa and 
adjacent States were used in the development of regional flood-frequency 
equations. All gaging stations were separated into groups representing the 
hydrologic regions shown on figure 1. A gaging station was included in the 
analysis of only one hydrologic region if more than two-thirds of the 
drainage area is in that region. If less than two-thirds of the drainage 
area is in any single hydrologic region, the station was used in the data 
set for both regions. Within each regional data set, a series of subsets 
of the flood discharges for recurrence intervals of 2, 5, 10, 25, 50, and 
100 years were made. The resulting subsets were used to define the 
relation between flood discharge and drainage area for each recurrence 
interval in each of the five hydrologic regions.

Least-squares regression analysis was used to define relations between 
flood discharge and drainage area. The general form of the equations 
developed from this analysis are:

Log Q = bLog A + Log c. 

On transformation the equation becomes:

Qt - <=Ab

where Q = the discharge for the selected recurrence interval, in
cubic feet per second;

A = the drainage area, in square miles; and 
b and c = regression equation coefficients.

Flood frequency equations for each of the five hydrologic regions are 
listed in table 2.

Previous flood reports (Schwob, 1963 and Lara, 1973) indicated that 
comparing the magnitude of floods to the drainage area and the slope of the 
main channel accounted for a large part of the variance in the magnitude of 
flood peaks. This study indicated that within the newly delineated 
hydrologic regions, the size of the drainage area and the slope of the main 
channel are significantly correlated. Therefore, the channel slope was not 
used as an independent variable for these equations.

The flood-frequency equations for each hydrologic region in Iowa 
(table 2) were developed using drainage area as the only independent 
variable. These equations explain from 71 to 95 percent of the variance in 
the flood discharges in all cases tested. An attempt was not made to 
identify other independent variables. It was assumed that most of the 
unexplained variance is due to spatial-sampling errors, varying lengths of 
station record, errors in the measurement of stage and discharge, 
uncertainties in the stage-discharge rating curves and the use of drainage 
area as the only independent variable. Unexplained variation is quantified 
as the standard error of estimate (table 2) and was calculated using 
methods described by Hardison (1971, p C231-C232).



Floods on Malnsiems

Basin shape has a considerable affect on the magnitude of floods. 
Fan-shaped basins, with well-developed drainage rapidly drain excess 
runoff. Long and narrow basins with few tributary streams yield smaller 
flood peaks than basins of comparible size with different shapes.

Many major rivers in Iowa have fan-shaped basins along the upstream 
reaches and long, narrow basin shapes along the downstream reaches. The 
narrow basins along the downstream reaches markedly attenuate the magnitude 
of the flood peaks. A typical example of this is the Cedar River basin. 
Along the upstream reaches of the Cedar River, the Shell Rock River, West 
Fork Shell Rock River, and Beaver Creek all join the Cedar River upstream 
from Cedar Falls within a distance of about 7 river miles. About 11 river 
miles farther downstream, Blackhawk Creek enters the Cedar River at 
Waterloo. The combined drainage area of these tributary streams is about 
3,400 square miles. The total drainage area of the Cedar River increases 
from 1,661 square miles at the gaging station in Janesville (site 101), to 
5,146 square miles at the gaging station in Waterloo (site 116), about a 
210-percent increase in drainage area in 19 river miles. Downstream from 
Waterloo, the basin is narrower with few tributary streams. The drainage 
area at the gaging station in Cedar Rapids (site 122) is 6,510 square 
miles, an increase in drainage area of about 26 percent in 182 river miles.

The extent of flood attenuation between the gaging stations in 
Waterloo (site 116) and Cedar Rapids (site 122) can be assessed by 
comparing the magnitude of the 100-year flood at each station (table 1). 
The discharge of a 100-year flood at Waterloo (44 years of record) is 
97,100 cubic feet per second and that at Cedar Rapids (82 years of record) 
is 83,000 cubic feet per second, a 14 percent flood attenuation. Readers 
interested in comparing the effects of flood attenuation for a single flood 
may consult a companion report (Lara and Bash, 1987) where basic data 
collected in Iowa are tabulated.

Data on the magnitude and frequency of 'floods for major streams in 
Iowa with basin configurations similar to that of the Cedar River are 
presented in graphs that compare the magnitude of the peaks to drainage 
area. Graphs showing flood magnitude and frequency along the mainstem of 
seven rivers are shown in figures 2 to 8.

Maximum Floods

Previous flooding in Iowa needs to be considered when planning 
projects in flood plain areas where structural failures may be life 
threatening. Data for maximum flood and related information are shown in 
table 3. These data indicate maximum floods without reference to frequency 
of occurence at some stations; the ratio of the maximum flood to the 
computed 100-year flood is listed instead of recurrence interval. These 
data are intended as a guide for making estimates of the discharge of rare 
floods at a given stream site.
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METHOD FOR ESTIMATING THE MAGNITUDE AND 

FREQUENCY OF FLOODS AT UNGAGED SITES

The flood-frequency equations presented in this report may be used to 
estimate the magnitude and frequency of floods in most unregulated rural 
streams in Iowa. These equations have been defined for streams with 
drainage areas ranging from 0.7 to 374 square miles in hydrologic region 1, 
from 0.08 to 1,670 square miles in hydrologic region 2, from 0.04 to 5,146 
square miles in hydrologic region 3, from 7.9 to 3,440 square miles in 
hydrologic region 4, and from 45 to 2,256 square miles in hydrologic region 
5. Techniques to estimate flood discharges on the Mississippi and Missouri 
rivers are described in reports by Patterson and Gamble (1968), Patterson 
(1966), and Matthai(1968).

To estimate the magnitude and frequency of a flood at an ungaged site 
proceed as follows:

1. Determine the size of the drainage area upstream from the site, in
square miles. Drainage areas larger than 5 square miles are listed in 
Larimer (1957).

2. Determine the hydrologic region in which the site is located using 
figure 1. If the site is on the mainstem of the following rivers, 
obtain the flood discharge directly from figures 2 to 8: Turkey River 
downstream from Elkader at river mile 38 (site 27); Wapsipinicon River 
downstream from Independence at river mile 145 (site 54); Cedar River 
downstream from Waterloo at river mile 190 (site 116); Skunk River 
downstream from Coppock at river mile 68 (site 140); Little Sioux River 
downstream from Gillett Grove at river mile 124 (site 206); West 
Nishnabotna River downstream from Hancock,at river mile 75 (site 228); 
East Nishnabotna River downstream from Atlantic at river mile 85 (site 
236).

3. Select the appropriate set of equations ftorn table 2 and compute the 
flood discharges.

Commonly the project site will be near a border of a hydrologic 
region. Such borders are not defined lines but transition zones where the 
physiographic characteristics of one hydrologic region gradually merge into 
the next. Within these transition zones, the selection of the appropriate 
set of equations from table 2 is a matter of judgement. If part of the 
stream begins in or flows across another hydrologic region, there may be 
the need to use equations from both regions and estimate a weighted average 
based on drainage-area ratios. Many examples of stations located in 
interregional transition zones are listed in table 1.
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Limits of Application

The regional flood-frequency equations in this report have been 
derived from data on unregulated rural streams. Therefore, they are not 
applicable to regulated streams, such as the Des Moines River downstream 
from Saylorville Lake, the Iowa River downstream from Coralville Lake, or 
other streams where changes by people have appreciably altered the flow 
regime. Furthermore they are not applicable on sections of mainstems where 
the magnitudes of floods are attenuated due to drainage basin geometry or 
channel and valley storage.

Illustrative Examples

Example 1.-- Estimate the 50 and 100-year floods for Dry Creek at the 
road crossing in sec. 1, T. 84 N., R. 8 W., in Linn County.

Solution:
1. Drainage area (A) is 11.4 square miles (Larimer 1957, p.258).
2. Drainage area is located in hydrologic region 3 (fig. 1).
3. From table 2, the applicable equations are:

Q5Q = 695A°' 54 and 

Q100 - 851A0 -"; 

substituting 11.4 square miles for A,

Qt-fl = 2,590 cubic feet per second, and 

Q.. __ = 3,090 cubic feet per second.

Example 2.-- Of interest to many users is the recurrence interval of 
previous floods of known magnitude. For instance, determine the 
recurrence interval of a peak discharge equal to 10,500 cubic feet per 
second on Potato Creek at a road crossing near the north county line, 
in Pottawattamie County.

Solution:
1. Drainage area (A) is 23.0 square miles (Larimer, 1957, p.340).

2. Drainage area is located in hydrologic region 1 (fig. 1).

16



3. Appropriate equations from table 2 are:

0 62 
Q9 = 211A ' =•= 1,470 cubic feet per second,

Q = 502A = 3,290 cubic feet per second,

Q 1 = 757A ' = 4,970 cubic feet per second,

Q_ = 1140A ' = 6,810 cubic feet per second,

Q _ = 1500A ' = 9,840 cubic feet per second, and

Q = 1880A ' = 12,300 cubic feet per second.

4. On log-probability paper, plot Q versus its recurrence
interval, t, and fit a smooth curve through the points, as shown 
in figure 9. From this graph, the recurrence interval of 
10,500 cubic feet per second is 65 years. In terms of 
probability, the chance of exceedence of this peak in a given 
year is 1 in 65 or 4.5 percent.

Example 3. What is the probability that the 10,500 cubic feet per 
second of example 2 will be exceeded in a 10-year period?

The probability of a flood being exceeded in n years is given by:

where P — probability;
t - recurrence interval of flood, in years; and 
n — time , in years .

Substituting for t and n, from example 2, in equation 1: 

PIQ = l-(l-l/65) 10 = 1-(0.985) 10 or 

PIQ = 1-0.856 = 0.144.

Therefore, the probability of the 10,500 cubic feet per second being 
exceeded one or more times in the 10 -year period is .14. The 
probability of not having a flood of that magnitude in the 10 -year 
period is .86.

Example 4. Estimate the 50- and 100-year floods for the Cedar River 
near the center of sec. 10, T. 85 N. , R. 9 W. , at the crossing of 
county road M bridge in Benton County.

Solution:

1. The drainage area of the Cedar River at this point is 6,135 
square miles (Larimer, 1957) .
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2. From figure 4:

Qc- = 77,000 cubic feet per second 

87,000 cubic feet per second

The examples illustrate the various ways of using and interpreting 
flood-frequency data. For a better undertanding of probability concepts 
for design, the reader is referred to Chow (1964), and Linsley and Franzini 
(1964).

SUMMARY

The report describes a method for estimating the magnitude and 
frequency of floods on unregulated streams in Iowa. Five hydrologic 
regions are defined on the basis of physiographic characteristics. 
Flood-frequency equations were developed! by least-squares regression 
analysis using data for 251 gaged stations. Regression analysis of 
regionalized data relates flood discharage to the drainage-basin area and 
can be used to estimate flood discharage at Ungaged sites for 2-, 5-, 10-, 
25-, 50-, and 100-year recurrence intervals. Drainage-basin size was the 
most significant independent variable and it accounted for 71 to 95 percent 
of the variance in all cases. Discharge of selected mainstem streams where 
peak discharge is affected by factors of basin geometry was determined 
graphically. The method described in this report is only applicable to 
sites on ungaged streams that are not affected significantly by regulation 
upstream from the sites and that the areas upstream from the sites are not 
mostly in urban areas.
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Table 2.--Regional flood-frequency equations

Hydrologic region 
(19 stations)

1

Equation for Standard error 
indicated (percent) 
recurrence interval

Q2 =211A°- 62

Q5 -502A0 ' 60

Q10 -757A0 ' 60

Q25 - 1.140A0 ' 57

Q5Q - 1.500A0 - 60

Q100 - 1.880A0 - 60

Hydrologic region 
(119 stations)

61

37

28

24

21

24

3

Equation for Standard error 
indicated (percent) 
recurrence interval

Q2 -129A0 ' 62

Q5 - 265A°' 59

Q10 -381A0 ' 57

Q25 -555A0 ' 55

Q5Q - 695A°' 54

Hydrologic region 
(8 stations)

44

36

35

37

39

41

5

Hydrologic region 
(81 stations)

2

Equation for Standard error 
indicated (percent) 
recurrence interval

Q2 -196A0 ' 57

Q5 - 402A°' 55

Q10 -570A0 ' 55

Q25 -821A0 ' 54

Q5Q -1.020A0 - 53

Q100 - 1.230A0 ' 53

Hydrologic region 
(24 stations)

55

39

34

32

33

36

4

Equation for Standard error 
indicated (percent) 
recurrence interval

Q2 =31A°- 77

Q5 -67A0 ' 72

Q1Q - 98A°' 70

Q25 -145A0 ' 68

Q5Q - 180A°' 66

Q1QO = 227A0 ' 65

40

33

31

29

30

30

Equation for Standard error 
indicated (percent) 
recurrence interval

Q2 - 30A0 ' 66

Q5 -37A0 ' 71

27

21

20

24

24

26
28
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